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(54) Radar apparatus 

(57) A radar apparatus (1 0) comprising: a receiving 
antenna (1) having an array antenna in which a plurality 
of antenna elements are arrayed in a horizontal direc- 
tion; and a signal processing section (1^ for carrying 
out recognition of a target existing in a predetermined 
horizontal bearing range from receive signals received 
by the receiving antenna (1). by electrically carrying out 
horizontal scanning of an antenna pattern of the receiv- 



ing antenna (1). wherein at least one of the antenna ele- 
ments is placed with a shift in a vertical direction, and 
wherein the signal processing section (5) detects an 
altitudinal bearing of the target by a monopulse method 
by use of a receive signal from the antenna element 
with the shift in the vertical direction. 
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Description 

BACKGROUND OF THE iNVENTION 
5 Field of the Invention 

[0001 ] The present invention relates to a radar apparatus for electrically can-ying out scanning and. more particularly, 
to a radar apparatus suited for on-vehicle use. 

10 Related Background Art 

[0002] The on-vehicle radar apparatus is often utilized for recognition of cars etc. running ahead of a car and in that 
case, it is necessary to discriminate a preceding car from objects that cannot be obstacles because of their high atti- 
tudes from the road surface, such as road signs, information boards, and so on. 
IS [0003] The invention to meet this demand is the on-vehicle monopulse radar apparatus for detecting a target by 
mechanically carrying out horizontal scanning and detecting an altrtudinal bearing of the target by the monopulse 
method, as disclosed in Japanese Laid-open Patent Application No. 9-288178. 

[0004] Since this on-vehicle monopulse radar apparatus can detect the altitudinal bearing of the target by the 
monopulse method, it can discriminate the cars from the road signs, information boards, etc. whose distances from the 

20 road surface are greater than those of the cars. 

[0005] In this prior art, however, a plurality of receiving antennas of the mechanical scanning type are arrayed verti- 
cally, so that there are limitations on narrowing the space between the vertical receiving antennas. On the other hand, 
the monopulse method has a feature that the angular detection range becomes narrower as the antenna space 
increases. Therefore, the prior art described above had the problem thai the angular range of detection in elevation was 

25 not assured sufficiently. 

SUMMARY OF THE INVENTION 

[0006] The radar apparatus of the present invention has been accomplished in order to solve the above problem and 
30 one thereof is a radar apparatus comprising: a receiving antenna having an an-ay antenna in which a plurality of 
antenna elements are arrayed in a horizontal direction; and a signal processing section for carrying out recognition of 
a target existing in a predetermined horizontal bearing range from receive signals received by the receiving antenna, 
by electrically can-ying out horizontal scanning of an antenna pattem of the receiving antenna, wherein at least one of 
the antenna elements is placed with a shift in a vertical direction, and wherein the signal processing section detects an 
35 altitudinal bearing of the target by a monopulse method by use of a receive signal from the antenna element with the 
shift in the vertical direction. 

[0007] The vertical shift amount of the antenna element can be properly designed according to the purpose and there 
are no specific restrictions as to the arrangement on the extent of decrease of the shift amount. As this shift amount 
becomes smaller, the angular detection range becomes wider on in elevation. 
40 [0008] There are a variety of vertical shift ways of the antenna elements; for example, they may be shifted alternately 
or only necessary antenna elements may be selectively shifted in the vertical direction. 

[0009] In the case of the horizontal, electrical scanning of the antenna beam using the receive signals from the 
respective antenna elements, it Is desirable to effect correction according to the shift amount on the receive signal from 
the antenna element with the shift in the vertical direction. 

45 [0010] Another radar apparatus of the present invention is a radar apparatus comprising: a first receiving antenna 
having an array antenna In which a plurality of antenna elements are arrayed in a horizontal direction; a second receiv- 
ing antenna having an array antenna in which a plurality of antenna elements are anrayed in a vertical direction; and a 
signal processing section for carrying out recognition of a target, based on receive signals from the first and second 
receiving antennas; wherein said signal processing section is arranged to carry out recognition of said target existing 

so in a predetermined horizontal bearing range by electrically carrying out horizontal scanning of an antenna pattern of 
said first receiving antenna, to carry out recognition of said target existing in a predetermined altitudinal bearing range 
by electrically can^ying out vertical scanning of an antenna pattern of said second receiving antenna, and. in the case 
of a plurality of targets being detected, to carry out identification of targets detected by the horizontal scanning and tar- 
gets detected by the vertical scanning, l>ased on intensities of receive signals. 

55 [001 1] Since this radar apparatus comprises the receiving antenna (the second receiving antenna) for vertical scan- 
ning, separate from the receiving antenna (the first receiving antenna) for horizontal scanning, the angular detection 
range can be set freely in elevation. 

[001 2] The scanning throughput is smaller and the size of the apparatus is also smaller than those of the radar appa- 



2 



EP0 947 852 A1 



ratus for detecting the two-dimensional position of the target by using a two<iimensional array of antenna elements and 
electrically carrying out the vertical and horizontal scannings. 

[001 3] The present invention will be more fully understood from the detailed description given hereinbelow and the 
accompanying drawings, which are given by way of illustration only and are not to be considered as limiting the present 
invention. 

[001 4] Further scope of applicability of the present invention will become apparent from the detailed description given 
hereinafter. However, it should be understood that the detailed description and specific examples, while indicating pre- 
ferred embodiments of the invention, are given by way of illustration only, since various changes and modifications 
within the spirit and scope of the invention will be apparent to those skilled in the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] 

Fig. 1 is a structural diagram to show the radar apparatus as an embodiment of the present invention. 

Fig. 2 is a flowchart to show the procedures of processing in the signal processing section. 

Fig. 3 is a structural diagram to show the radar apparatus as the second embodiment of the present Invention. 

Fig. 4 is a structural diagram to show the radar apparatus as the third embodiment of the present invention. 

Fig. 5 is a diagram to show the position of the target in the three-dimensional space. 

Fig. 6 is a structural diagram to show the radar apparatus as the fourth embodiment of the present Invention. 

Fig. 7 is a structural diagram to show the radar apparatus as the fifth embodiment of the present invention. 

Fig. 8 is a flowchart to show the procedures of processing in the signal processing section. 

Fig. 9 is a diagram to show a situation in which there exist a plurality of targets. 

Fig. 10 is a flowchart to show the detailed processing procedures in the signal processing section. 

DESCRIPTION OF THE PREFERRED EMBODYMENTS 

[0016] Fig. 1 is a structural diagram to show an embodiment of the r^ar apparatus of the present invention. This 
radar apparatus 10 is an FM-CW radar apparatus using a transmit signal of a frequency-modulated (FM) continuous 
wave (CW) and DBF radar apparatus for carrying out a digital beamforming operation in the receiving antenna. This 
radar apparatus 10 is a so-called on-vehide radar apparatus to be mounted on an automobile, which detects a distance 
to a vehicle running ahead, relative velocity thereof, and so on. The result of detection of this radar apparatus is utilized 
as control information of running of vehicle or the like. The transmit radio wave is a millimeter wave. 
[0017] The receiving antenna 1 is composed of eight antenna elements #1 to #8 an-ayed in the lateral direction (or in 
the horizontal direction). Each of the antenna elements #1 to #8 has a plurality of patch antennas, the patch antennas 
being connected to one feeding point per antenna element so as to have substantially equal line lengths. The present 
embodiment is so arranged that in each antenna element the patch antennas are aligned vertically (or perpendicularly), 
but they may be aligned along two or more lines or in other array patterns. 

[0018] Center points of the respective antenna elements are alternately shifted in the vertical direction. Specifically, 
the antenna elements #1. 3, 5, 7 connpose a group of upper antenna elements, the antenna elements #2, 4, 6, 8 com- 
pose a group of lower antenna elements, and there is a vertical shift equivalent to the length of Ay between the upper 
antenna element group and the lower antenna element group. 

[0019] The transmitting antenna 2 is provided on the same plane as the receiving antenna 1 is, and is composed of 
a lot of patch antennas an-ayed vertically and horizontally and connected to one feeding point. 
[0020] Connected to this feeding point of the transmitting antenna 2 is an output terminal of voltage-controlled oscil- 
lator 3 having the center frequency of fO (for example. 76 GHz). The voltage-controlled oscillator 3 outputs a signal 
resulting from triangular modulation of the frequency modulation width AF on the carrier wave of the frequency f<|> 
according to a control voltage outputted from a dc power supply for nruxJulation not illustrated, i.e., outputs a modulated 
wave (transmit signal) of the frequency fO ± AF/2, and this modulated wave is radiated as an electromagnetic wave from 
the transmitting antenna 2. 

[0021] A mixer section 4 includes eight mixers 4-1 to 4-8 to be connected to the respective antenna elements of the 
receiving antenna 1 . An input into each mixer is a local signal which is part of the transmit signal from the voltage-con- 
trolled oscillator 3, and the receive signals from the respective antenna elements are mixed with this local signal to be 
downconverted to intermediate frequencies. This downconverting operation obtains beat signals (difference signals 
between the transmit signal and the receive signals) in the FM-CW radar apparatus. 

[0022] A signal processing section 5 performs the fast Fourier transform operation (FFT operation) and digital beam- 
forming operation (DBF operation) with the beat signals to detect a target. In this embodiment, the distance, relative 
velocity, and horizontal bearing of the target are detected with horizontal scanning of the antenna beam by the DBF 
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operation and the altitudinal angle of the target is obtained by the phase monopulse method. 

[0023] Now. the triangular modulation FM-CW method applied in the present embodiment is described herein briefly. 
Let fr be the beat frequency at the relative velocity of zero, fd be the Doppler frequency based on the relative velocity. 
fb1 be the beat frequency in frequency-increasing intervals (up intervals), and fb2 be the beat frequency in frequency- 
decreasing intervals (down intervals). Then the following equations hold. 

fb1=fr-fd (1) 

fb2 a fr + fd (2) 

[0024] Therefore, fr and fd can be calculated from next Equations (3), (4) by separately measuring the beat frequen- 
cies fb1 and fb2 in the up and down intervals of modulation cycles. 

fr = (fb1 + fb2)/2 (3) 

fd = (fb2-fb1)^ (4) 

[0025] Once f r and fd are obtained, the range R and velocity V of the target can be calculated according to next Equa- 
tions (5). (6). 

R= (C/(4-AF-fm))-fr (5) 
V=(C/(2-f0))-fd (6) 

25 In these equations. C is the speed of light and fm is the modulation frequency of FM. 

[0026] In the signal processing section 5 of the present embodiment, as illustrated in the flowchart of Fig. 2, the oper- 
ations of DBF synthesis and detection of target using the upper antenna elements are earned out separately from those, 
using the lower antenna elements, and thereafter, the altitudinal angle of the target is detected by the phase monopulse 
method from the results of the DBF synthesis operations. 

30 [0027] In Rg. 2. first, the FFT operation is carried out every channel with input of the beat signals of the respective 
antenna elements or the respective channels downconverted from the receive signals in the respective antenna ele- 
ments #1 to #8 (step 21). The FFT operation herein is the complex FFT operation to detect the frequency and phase of 
the beat signal of each channel. 

[0028] Next, the first DBF synthesis (A) is carried out using the result of the FFT operation of the beat signals from 
35 the upper antenna elements #1 . 3, 5. 7. An example of the DBF synthesis (A) is beam synthesis in which the horizontal 
angular range of lO*' on either side, totally 20**, is divided into 20 (step 22). 

[0029] Then the distance, relative velocity, and horizontal bearing (angle) of target are computed from the result of 
the DBF synthesis (A). The distance and relative velocity in each of the twenty-divided directions can be calculated 
according to Eq. (5) and Eq. (6) described above (step 23). 

40 [0030] The above has completed the detection of the target using the upper antenna elements #1 . 3, 5. 7 and then 
the detection of the target is carried out using the lower antenna elements #2. 4, 6, 8. The detection operation is exactly 
the same as in the case of the upper antenna elements; the DBF synthesis is first carried out (this DBF synthesis will 
be called DBF synthesis (B)). and the distance, relative velocity, and horizontal bearing (angle) of the target are com- 
puted using the result (steps 24. 25). 

45 [0031 ] Finally, the altitudinal angle is computed by the phase monopulse method from the results of the DBF synthesis 
(A) and DBF synthesis (B) (step 26). The altitudinal angle detection by the phase monopulse method may be carried 
out by comparison of the results of the DBF syntheses (A) and (B) for all the 20-divided bearings or for some bearings 
preliminarily selected. The phase monopulse operation may also be carried out only for a bearing in which a target sat- 
isfying a predetermined condition is detected. 

50 [0032] Since the distances, relative velocities, and bearings of the target obtained in respective steps 23 and 25 must 
be neariy equal, the result in only either step may be employed as a final result or an average of the both results may 
be enrployed as a final result. 

[0033] In order to enhance the horizontal recognition accuracy more, it can also be contemplated that step 26 is fol- 
lowed by an operation to cancel out the effect of the vertical shift Ay between the upper antenna elements #1 , 3, 5, 7 
55 and the lower antenna elements #2, 4. 6. 8 by signal processing using the distance and the altitudinal and horizontal 
directions of the target, to can-y out again the DBF synthesis using all the antenna elements #1 to #8, and to employ 
the distance, relative velocity, and bearing based on the result thereof as a final result 

[0034] Fig. 3 is a structural diagram to show a second embodiment of the present invention. The radar apparatus 30 
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of this embodiment has a switch group 31 , which switches connection between each antenna element of the receiving 
antenna 1 and the mixer section 34 during the horizontal DBF synthesis operation to that during the artitudinal phase 
monopulse operation, and vice versa. 

[0035] The switch group 31 has eight movable contacts respectively connected to the corresponding antenna ele- 
5 ments #1 to #8 and sixteen fixed contacts, each two fixed contacts corresponding to one movable contact. The switch 
group 31 takes two switch states: the first connection state is a state in which each movable contact is connected to the 
left fixed contact as illustrated and the second connection state is a state in which each movable contact is connected 
conversely to the right fixed contact. Switching between the connection states is effected according to a signal from the 
signal processing section 5. 

10 [0036] In the first connection state, the antenna elements #1 and #2. #3 and #4, #5 and #6. or #7 and #8 are con- 
nected to each other to be connected to an input terminal of each mixer 34-1 to 34-4. Therefore, the receiving antenna 
1 becomes substantially an antenna of four channels in the horizontal direction. In this state, the signal processing sec- 
tion 5 performs the DBF synthesis using the receive signals of the four channels and computes the distance, relative 
velocity, and horizontal bearing (angle) of the target by use of the result of the DBF synthesis. 

IS [0037] On the other hand, in the second connection state, the upper antenna elements #1 , #3, #5, #7 are connected 
together to a common terminal and the lower antenna elements #2, #4. #6, #8 are connected together to a common 
terminal. This makes the receiving antenna 1 substantially equivalent to a configuration in which two antenna elements 
are arrayed up and down and the signal processing section 5 can detect the altitudinal angle of the target by the phase 
monopulse method using the receive signals from the respective upper and lower antenna element groups. 
] 20 [0038] Fig. 4 Is a structural diagram to show the radar apparatus as a third embodiment of the present invention. The 
receiving antenna 41 is similar to the receiving antenna 1 of the first embodiment in that It is composed of eight antenna 
elements an-ayed in the horizontal direction. The antenna elements were alternately shifted in the vertical direction in 
the receiving antenna 1 of the first embodiment, whereas only the antenna element #1 at the left end and the antenna 
element #8 at the right end are shifted up by Ay from the other antenna elements #2 to #7 in the receiving antenna 41 

25 of this emkxxiiment 

[0039] In this radar apparatus, the DBF synthesis is can-ied out in the horizontal direction using the antenna elements 
#1 to #8 to detect the distance, relative velocity, and horizontal bearing of the target. The apparatus is arranged to 
detect an angle of the target in a first oblique direction (angle 61) by the antenna elements #7 and #8 and detect an 
angle of the target in a second oblique direction (angle 02) by the antenna elements #1 and #2 each by the phase 

30 monopulse method and to obtain the altitudinal angle of the target from the two detection results. 

[0040] Next described using Fig. 5 is how to obtain the altitudinal angle of the target. Fig. 5 shows a state of the target 
T placed in the three-dimensional orthogonal coordinate space of x. y, and z. The x-direction corresponds to the hori- 
zontal direction of this radar apparatus 40, the y-direction to the vertical direction, and the positive direction of the z- 
direction to the forward direction. The first oblique direction of Rg. 4 corresponds to the X-axis on the xy plane and the 

35 second oblique direction to the Y-axis on the xy plane. 

[0041] Let L be a distance to the target T. e(X) be an angle of ttie target T with respect to the reference of the z-axis 
in the first oblique direction or the X<lirection, and e(Y) be an angle of tiie target T with respect to the reference of tfie 
z-axis in the second oblique direction or the Vdlrection. Then displacements WH1 and WH2 of the target T in the first 
oblique direction and in tiie second oblique direction are expressed respectively by tiie following equations. 

( J"^ 

WH1 = L X sine(X) (7) 
WH2 = L X sine(Y) 

45 The angles e(X), e(Y) in the first oblique direction and in the second oblique direction can be obtained by the phase 
monopulse operation and the distance L is already obtained by the horizontal DBF synthesis. Therefore, the displace- 
ments WH1 and WH2 of the target T can be calculated from above Eq. (7). 

[0042] Next, the angle in the y-axis direction or the vertical direction is obtained using tiiese displacements WH1 and 
WH2. Letting 61 be the angle of the first oblique direction with respect to the x-axis and 62 be tiie angle of the second 
so oblique direction witin respect to the X-axis, the horizontal position W and vertical position (height) H of ttie target T can 
be expressed as follows. 

W = (WHI/sinei - WH2^ine2)/(1/tan01 - 1/lan02) 

ss H = (WH1/COS01 - WH2/cose2)/(1/tan01 - 1/lane2) 

Substituting the displacements WH1 and WH2 obtained by above Eq. (7) into this equation, the horizontal position W 
and vertical position H of the target T can be calculated. 
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[0043] Once the positions W and H are obtained, the angle ey of the target T in the y-axis direction or the vertical 
direction can be obtained as follows. 

ey^sin-^CH/L) (9) 

5 

In this way. the angle in the vertical direction can be detected by obtaining each of the angles of the target in the first 
oblique direction and in the second oblique direction by the phase monopulse method. 

[0044] At the same time, the angle ex of the target T in the x-axis direction or the horizontal direction can also be 
obtained as follows. 

10 

ex = sin'^(W/L) (10) 

Error detection in ttie DBF synthesis can be known by comparing the horizontal bearing of the taiget detected by the 
DBF synthesis with this ex, whereby the detection accuracy can be enhanced. 
IS [0045] Fig. 6 is a structural diagram to show the radar apparatus of a fourth embodiment of the present invention. This 
is different from the third embodiment in the array of antenna elements in the receiving antenna. Specifically, the two 
antenna elements #1 and #8 were shifted up from the other antenna elements in tiie third embodiment (see Fig. 4), 
whereas only one antenna element #2 is shifted up in this embodiment. 

[0046] The horizontal DBF synthesis can be carried out using all the antenna elements #1 to #8 and the altitudinal 
20 angle can be detected by the method similar to that of the third embodiment from an angle by the phase monopulse in 
the first oblique direction with the antenna elements #1 and #2 and an angle by the phase monopulse in the second 
oblique direction with the antenna elements #2 and #3. 

[0047] In the second and fourth embodiments, the phase monopulse is carried out in the two oblique directions in 
order to detect the altitudinal angle of the target, and the angle ei or 62 of each oblique direction can be set arbitrarily; 
25 in an extreme example eitiier one angle may be set to zero and Eqs. (7), (8). (9) may be applied. This means that when 
two types of phase monopulse operations are carried out, either one of them may be an operation for obtaining the 
angle in tiie horizontal direction. 

[0048] It is noted in the first, third, and fourth embodiments tiiat where the DBF synthesis is carried out including tiie 
antenna elements shifted vertically, it is necessary to take the vertical shift amount Ay of the antenna elements into con- 

30 sideration. In tiie first embodiment, for example, correction is made for the signals of the lower antenna elements #2, 
#4, #6, #8 so as to be matched with the upper antenna elements #1 , #3, #5, #7. Then, described below is how to obtain 
a horizontal, electrical phase difference d^x after the correction of the vertical shift amount Ay of the antenna elements. 
[0049] Let d* be an electrical phase difference including vertical and horizontal shifts. X be the wavelength of the 
transmitted wave, L be tiie distance to tiie target T. W be the horizontal position of tiie target T, and H be the vertical 

35 position thereof. Then a conversion factor d^y of the vertical shift Ay of the antenna elements into an electrical phase 
difference is obtained by the following. 

d«|>y = (L - L(1 - (2HAy - Ay^)/L^) '"^) x Zn/X « (Ay(2H • Ay)/2L) x2nxX (11) 

40 [0050] Since the horizontal, electrical phase difference d^x can be approximated by the following relation: 

d^x^d^'d^y (12), 

the DBF synthesis using this equation permits an accurate horizontal bearing to be detected using all the antenna ele- 

45 merits even If some of the antenna elements are shifted vertically. 

[0051 ] Fig. 7 is a structural diagram to show the FM-CW radar apparatus of a fifth embodiment of the present inven- 
tion. In this radar apparatus 70, the receiving antenna 71 consists of an antenna element group 72 arrayed in the hori- 
zontal direction and an antenna element group 73 arrayed in the vertical direction. The signal processing section 5 is 
arranged to perform the DBF synthesis using signals from the antenna element group 72, so as to effect the horizontal 

so scanning of the antenna beam and to perform the DBF synthesis using signals from the antenna element group 73. so 
as to effect the vertical scanning of the antenna beam. 

[0052] Fig. 8 is a flowchart to show the procedures of processing in this signal processing section. First, the FFT oper- 
ation is earned out with input of the beat signals based on the receive signals from the respective antenna elements 
(channels) composing the receiving antenna 71, to detect the frequency of the beat signal of each antenna element 
55 (including phase Information) (step 81). Then the horizontal DBF synthesis is can-led out from the frequencies of the 
beat signals corresponding to the respective antenna elements competing the antenna element group 72 to calculate 
the distance, relative velocity, and horizontal bearing (angle and width) of the target (step 82). 
[0053] Then tiie vertical DBF synthesis is carried out from the frequencies off the beat signals corresponding to the 
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respective antenna elements composing the antenna element gropp 73 to calculate the distance, relative velocity, and 
altitudinal bearing (angle and width) of the target (step 83). 

[0054] In the last step, the distances and relative velocities are compared between the targets detected in step 82 and 
the targets detected In step 83 and, judging that those bearing equal both in distance and relative velocity represent an 
identical target, matching is made between the altitudinal and horizontal bearings of the targets (step 84). 
[0055] At this time, it is not possible to make one-to-one correspondence between targets detected by the vertical 
scanning and targets detected by the horizontal scanning if there exist a plurality of targets equal both in distance and 
relative velocity in each of the vertical and horizontal directions. 

[0056] Fig. 9 is a diagram to show matching where there are targets equal in distance and relative velocity, two targets 
detected by the vertical scanning and two targets detected by the horizontal scanning. Supposing that the targets 91 
and 92 are detected in elevation, that the targets 93 and 94 are detected in azimuth, and that the distances and relative 
velocities of these targets all are equal, it is impossible to determine whether actual targets are located at positions 95 
and 96 or at positions 97 and 98 in the two-dimensional space of the vertical and horizontal directions. 
[0057] The present embodiment is thus arranged to achieve the matching by use of reflective power in such cases. 
Fig. 10 is a flowchart of the signal processing section 5 to clearly show this point and is a more detailed illustration of 
the flowchart of Fig. 8. 

[0058] The FFT operation is canied out with input of the beat signals obtained by downconverting the signals received 
by the respective antenna elements (step 101). Then performed are the horizontal angle detection and vertical angle 
detection based on the DBF synthesis (steps 102, 103). 

[0059] Next. t)ased on the vertical and horizontal detection results, each pair having the same distance and relative 
velocity is detected (step 104) and it is determined whether there is only one pair (step 105). 

[0060] When there is only one pair, the pairing is definite and the flow returns to step 101. If there are two or more 
pairs, as illustrated in Fig. 9. consideration is first given to correspondence to the detection result in the preceding oper- 
ation (step 106). 

[0061] Now, assuming tiie present operation is ttie first operation, the flow moves to step 108, because there is no 
preceding operation result. Step 1 08 is to perform matching or pairing in order from the largest reflective power to finally 
determine combinations in azimutii and elevation. In the exanrple of Fig. 9. in elevation the reflective power of detection 
target 91 is greater tiian that of detection target 92 and in azimuth the reflective power of detection target 93 is greater 
than that of detection target 94. When tiie pairing is carried out in order from the largest reflective power, the altitudinal 
detection target 91 is matched with tfie horizontal detection target 93 and tiie altitudinal detection target 92 is matched 
with ttie horizontal detection target 94. Namely, tiie altitudinal and horizontal positions of the targets in the two-dimen- 
sional space are determined as positions 98, 97. 

[0062] In the determination step 106, when tiiere is the result of the preceding operation, tiie flow moves to step 107 
to effect preferential matching of targets that were already matched with each other in the preceding operation, thereby 
determining the altitudinal and horizontal positions of the targets in the two-dimensional space. 
[0063] After that, tiie flow goes to step 1 08 to perform matching for targets tiiat were not matched in the preceding 
operation, in the descending order of reflective power, thereby determining the altitudinal and horizontal positions of the 
targets in the two-dimensional space. 

[0064] The above operation makes it possible to pair tiie targets in azimutii and elevation and to detect the altitudinal 
and horizontal bearings of ttie targets in the two-dimensional space even if a plurality of targets having the same dis- 
tance and relative velocity are detected in the vertical and horizontal directions. 

[0065] In cases where high resolving power is not required in the vertical direction, the antenna element group 73 may 
be composed off only two antenna elements arrayed up and down. In such cases, the altitudinal angle is detected by tiie 
phase monopuise. 

[0066] As described above, tiie radar apparatus of the present invention can detect the altitudinal bearing of the target 
in tiie desired angular range, by vertically shifting part of the plural antenna elements composing the receiving antenna 
and arrayed horizontally or by providing the antenna elements anayed vertically, separate from tiie antenna elements 
arrayed horizontally. Namely, the angular range of detection in elevation can be sufficientiy wide, because the vertical 
shift amount or tiie vertical anay space can be set as small as occasion may demand. 

[0067] From the invention thus described, it will be obvious that the invention may be varied in many ways. Such var- 
iations are not to be regarded as a departijre from the spirit and scope of tiie invention, and all such modifications as 
would be obvious to one skilled in the art are intended for inclusion witfiin the scope of tiie following claims. 
[0068] A radar apparatus comprising: a receiving antenna having an an-ay antenna in which a plurality of antenna ele- 
ments are arrayed in a horizontal direction; and a signal processing section for can-ying out recognition of a target exist- 
ing in a predetermined horizontal bearing range from receive signals received by the receiving antenna, by electrically 
carrying out horizontal scanning of an antenna pattern of the receiving antenna, wherein at least one of the antenna 
elements is placed with a shift in a vertical direction, and wherein tiie signal processing section detects an altitudinal 
bearing of tiie target by a monopuise method by use of a receive signal from ttie antenna element witti tiie shift in tiie 
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vertical direction. 
Claims 

1 . A radar apparatus comprising : 

a receiving antenna having an array antenna in which a plurality of antenna elements are arrayed In a horizon- 
tal direction; and 

a signal processing section for carrying out recognition of a target existing In a predetermined horizontal l>ear- 
ing range from receive signals received by the receiving antenna, by electrically carrying out horizontal scan- 
ning of an antenna pattern of the receiving antenna, 

wherein at least one of said antenna elements is placed with a shift in a vertical direction, and 

wherein said signal processing section detects an altitudinal bearing of said target by a monopulse method by 

use of a receive signal from said antenna element with the shift in the vertical direction. 

2- The radar apparatus according to Claim 1 . wherein said antenna elements are anayed as alternately shifted up and 
down and said signal processing section detects the altitudinal bearing of said target by the monopulse method 
from a result of synthesis of receive signals received by an upper antenna element group and a result of synthesis 
of receive signals received by a lower antenna element group. 

3. The radar apparatus according to Claim 1, wherein said signal processing section performs an operation for can- 
celing out the shift amount of the antenna element, on the receive signal from the antenna element with the shift in 
the vertical direction, on the occasion of electrically carrying out the horizontal scanning of the antenna pattern. 

4. The radar apparatus according to Claim 1 , wherein said signal processing section is arranged to detect a bearing 
of said target by the monopulse method by use of receive signals from a set of antenna elements placed as shifted 
up and down, to detect a bearing of said target by the monopulse method by use of receive signals from another 
set of antenna elements, and to calculate an altitudinal angle of said target by canceling out a horizontal angle of 
said target from results of the both detections. 

5. A radar apparatus comprising: 

a first receiving antenna having an array antenna in which a plurality of antenna elements are arrayed in a hor- 
izontal direction: 

a second receiving antenna having an array antenna in which a plurality of antenna elements are arrayed in a 
vertical direction; and 

a signal processing section for can-ying out recognition of a target, based on receive signals from the first and 
second receiving antennas; 

wherein said signal processing section Is arranged to carry out recognition of said target existing in a predeter- 
mined horizontal bearing range by electrically carrying out horizontal scanning of an antenna pattern of said 
first receiving antenna, to can^y out recognition of said target existing in a predetemriined altitudinal bearing 
range by electrically carrying out vertical scanning of an antenna pattern of said second receiving antenna, 
and. in the case of a plurality of targets being detected, to carry out identification of targets detected by the hor- 
izontal scanning and targets detected by the vertical scanning, based on intensities of receive signals. 

6. The radar apparatus according to Claim 5. wherein said signal processing section is arranged, in the case of a plu- 
rality of targets being detected, to can^y out identification of the targets detected by the horizontal scanning and the 
targets detected by the vertical scanning, based on distances or velocities, and. in the case of a plurality of targets 
having substantially equal distances or velocities, to canry out the identification t»ased on the intensities of the 
receive signals. 
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